Introduction
Zinc oxide (ZnO) is an important n-type semi-conducting metal oxide with a band gap of about 3.3 eV at 300 K and a large exciton B.E. at 298 K of 60 meV. It also reveals p-type conduction property, when doped with other transition metals [1, 2] . It has also shown its competence for various types of dermatological ailments. Due to this, they are more efficiently used as sunscreens, photocatalysts, cosmetics and in a variety of therapeutic formulations as it is treated for potential interventions in extrinsic skin problems like aging, sunburn, etc. Besides these, ZnO-Nps showed strange effect as an UV-absorber when treated on the external surface of cotton and woollen fabrics [3] [4] [5] [6] . Thre are various synthesis procedures for ZnO-Nps, such as sol-gel technique, facile biomimetic process, mechanochemical process, solvothermal process, solution method, etc. These processes lead to various types of morphological arrays of ZnO-Nps and in continuation leads to the diversified range of their application based upon their morphologies [7] [8] [9] [10] [11] [12] . The various types of 62 Nano Hybrids Vol. 4 process parameters viz. temperature, concentration of reacting species, time, pH, doping, etc; used in different techniques and processes decide the morphology, particle size, yield, properties and diverse applications of the synthesized ZnO-Nps. More complex techniques also lead to the increase in the total cost of the synthesis. Worldwide, many researchers developed a large number of techniques to control of these process parameters [13] [14] [15] [16] [17] [18] .
Formerly, Wahab et al. [7] in one of their experiments, has developed an aged pencil like Zinc oxide nano-rods by solution method, where they refluxed the solution at 75 °C for different time intervals; in his other paper, he presented the plate-like to flower-like morphology of ZnO nanostructures by varying pH of precursor solution and refluxing the whole solution at 90 °C for an hour [13] . Again in his next study, he presented the synthesis of single-crystalline needle-shaped Si(100) wafers by magnetron sputtering at temperatures less than 100 °C, with a power of 100W and 0.16 Pa Ar working pressure. In concise, the synthesis of ZnO-Nps at near ambient temperatures was required, keeping the consideration of nano-particles sizes, their L/D ratios and definitely the morphology of ZnO-Nps, by preventing the expensive and complicated systems to be utilized for various low temperature UV appealing medications and devices. An earlier reported approach by our team involves low temperature, below the boiling point of water and avoids sophisticated equipments for the production of ZnO-Nps [22] . Comparing with all the techniques for the fabrication of ZnO-Nps, the mechano-solution method is economical, less-time consuming and after all, an easy process.
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In this work, the simple mechano-solution synthesis of peanut-shaped ZnO nano-bunches (ZnO- 
Anti-bacterial Activity of ZnO-NBs. For anti-microbial activities were studied by Disc diffusion method with the help of nutrient agar along with suspended microbes, by dipping the pad into the culture. After streaking the agar plate, these are incubated for 24 hrs. Antibiotic discs were kept on agar surfaces and the anti-bacterial activities were noted from the inhibition zones (IZ) results and finally the calculation of diameters of IZ of stains were carried out. The ZnO Nano-bunches (ZnONBs) fabricated at different temperature ranges were taken and their colloidal suspensions were tested for their activity against Bacillus subtilis. For this purpose the filter paper disc technique was exploited. Prior to this, the ZnO-NBs were attempted with bactericidal activity by disc diffusion method for Bacillus subtilis. The cultures used were kept over night at 37 °C on nutrient agar. On preceding the process, the cultures were centrifuged at moderate rpm range and the pellets were diluted in NSS to get the count more than 100 cfu/ ml. The bacterial culture suspension was extended on the plates of Nutrient agar homogeneously and 8 mm discs of Hi-media Pvt Ltd make were made sterile for ZnO-NBs. These plates were further kept at 37 °C for another day. Standard anti-biotic discs of 0.03 mg each and doxycycline were utilized and ZnO-NBs media of similar concentrations were set as control. Later the resulting inhibition zones (IZ), in mm of bacterial growth were calculated for the determination of anti-bacterial activities [30, 31] .
Result and Discussion
The Zinc oxide nano-bunches (ZnO-NBs) formed at two different ranges of temperature showed reasonable effects on particle sizes, shape and the L/D ratios of fabricated ZnO-NBs. The two temperature ranges were shown in Table 1 , as TEMP-I (40 3 °C) and TEMP-II (60 3 °C). prepared at different temperature ranges were examined (Fig. 1) . One-dimentional single crystals of UV-vis spectroscopy of ZnO-NBs. The double beam UV-Vis spectrophotometer was used for the optical characterization of the samples. The absorbance peak was shown are higher for TEMP-I range as compared to TEMP-II range (Fig. 2) . The earlier literature showed the peak shift dependency on crystallite size, process temperature, synthesis method and samples aging [32] . The results were in agreement with that of Guan et al. [33] . 
Morphology of ZnO-NBs. From the SEM images, existence of one-dimensional (ID) single crystal
ZnO nano-bunches is revealed. On lowering the process temperature range, the Nano-bunch size as well length and diameter of the Peanut shaped ID single crystal also decreases. The magnified morphology of the 1D ZnO single crystals showed the appearance of a Peanut form of crystal. But it seems that the Peanut-shape may finally lead to Rod-shape 1D single crystal, when the processing temperature range was reduced, in this particular type of fabrication process, namely Mechnosolution Technique (Fig. 3,4) . Gan et al. [8] 
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EDAX of ZnO-NB. The EDAX spectrum of the Peanut-shaped ZnO nano-bunches were shown in Fig. 5 . The prior one was for the temperature range TEMP-I and the latter one for TEMP-II, which were told in the beginning of this part. In the spectrum, Zn and O spectras were important. (Fig. 7,8,10 ). This is due to the fact that on decreasing the temperatue, both the length and
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the diameter of the NB decreases, but the proportion of reduction of the diameter (D) was much more as compared to the length (L) of the peanut-shaped ZnO nano-bunches in the samples TEMP-I.
This all ultimately leads to the formation of Peanut-shaped ZnO to Rod-shaped ZnO (on coming more down the process temperature line). single crystals of ZnO NB at two different temperature ranges showed as ( Fig. 7-10 ):
Nano Hybrids Vol. 4 75 I Ī 0>, changes the free energy and slows the growth of these faces [12] . In both the temperature ranges i.e TEMP-I & TEMP-II, the length and diameter were decreased on lowering the temperature.
But still the aspect-ratio was increased notably. This was due to the fact that on lowering the Modeling and Simulation of ZnO-NBs. In research works, only data is of no importance unless until one would able to get some useful result from it. And it is not only a trend one predicts in a data. The data becomes very important and useful if someone able to give a relation based on it. Here the modelling comes into picture. By using various mathematical tools modelling was done. In our 76 Nano Hybrids Vol. 4 work, we used a very simple and old technique to develop a model of change in aspect ratio with change in temperature. Least square method was used to develop the model which comes out to be a straight line with slope 0.094 decreasing and intercept 7.67 that is
It shows a decreasing trend in aspect ratio with increasing temperature. Other things were explained in result and discussion section. We chose least square method because of easiness and reliability. It is a very old but reliable technique. Least square method is used for developing the model for change in aspect ratio with temperature. The following equations are required:
For these equations following table (Table 2 ) was used: By using Table 2 , we got the equations written above as follows:
Solving these equations, we got the values of a and b as: a = 7.67, b = -0.094.
Nano Hybrids Vol. 4
Now the model required is: anti-bacterial activity shown in terms of zone of inhibition was visible on NA plates (Fig.11) . At highest concentration, the growth of bacterial strains, Bacillus subtilis was stop down appreciably (Table 3) .
At 500 g/ml of Peanut shaped ZnO nano-bunches, maximum zone of inhibition (IZ) i.e. shaped ZnO-NBs become more symmetric which is appealing in many applications. In addition to all, the synthesized peanut-shaped ZnO-NBs also showed significant antimicrobial activity suggesting that peanut-shaped ZnO-NBs can be better agents to control the spreading of bacterial infections. Though B. subtilis is not as much harmful as other pathogenic bacterias, but it is an easy model for doing the clinical studies and checking the anti-bacterial activity, as the mechanism for attacking on the Gram +ve bacterial colonies are same. Therefore, we can postulate that our synthesized peanut-shaped ZnO-NBs may be externally used in a variety of therapeutic formulations as it is treated for potential interventions in extrinsic skin problems like aging, sunburn, etc. 80 Nano Hybrids Vol. 4 
